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Abstract
Background: While current research suggests that genetic factors confer the greatest risk for the development of tic disorders, studies of environmental factors are
relatively few, with a lack of consistent risk factors across studies. Our aim is to analyze the association of tic disorders with exposure to prenatal and perinatal
morbidity.
Methods: This was a nested case–control study design. Cases and controls were selected and identified from a mainstream, school-based sample. The diagnosis of
tic disorders was assigned by a movement disorder neurologist using ‘Diagnostic and statistical manual of mental disorders, 4th edition, text revision’ criteria, and
neuropsychiatric comorbidities were screened using the Spanish computerized version of the Diagnostic Interview Schedule for Children Predictive Scale.
Information regarding the exposure to pre-perinatal risk factors was collected by a retrospective review of the birth certificates. Logistic regression analyses were
then performed to test the association of tic disorders with pre-perinatal risk factors.
Results: Out of 407 participants, complete pre-perinatal data were available in 153 children (64 with tics and 89 without tics). After adjusting for family history of
tics, neonatal respiratory distress syndrome, body mass index, prenatal infection, and coexisting comorbid neuropsychiatric disturbances, tic disorders were
associated with prenatal exposure to tobacco (odds ratio [OR]53.07, 95% confidence interval [CI] 1.24–7.60, p50.007), and cesarean section (OR55.78, 95% CI
1.60–20.91, p50.01).
Discussion: This nested case–control study of children with tic disorders demonstrates higher adjusted odds for tics in children with exposure to cesarean delivery
and maternal smoking. Longitudinal, population-based samples are required to confirm these results.
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Introduction
While current research suggests that genetic factors confer the
greatest risk for the development of tic disorders, there is evidence that
these have been identified in less than 1% of patients.1 Studies of
environmental factors are relatively few, and consistent risk factors
have not been identified across studies.2 Of all the risk factors studied,
maternal smoking and low birth weight appear to be the only risk
factors with a consistent significant association.2 Existing studies have
major limitations, mainly due to the use of clinical rather than
epidemiologically derived samples and analytical methods.2 In
contrast, research into pre-perinatal risk factors for common
comorbidities associated with tic disorders, such as attention deficit
hyperactivity disorder (ADHD) and autism, is more robust, finding
higher odds for children exposed to maternal smoking and increased
maternal stress during pregnancy, as well as pregnancy and delivery
complications.3 Dysfunction of the dopaminergic system has been
implicated in tics and comorbid disorders, and evidence from animal
studies suggests that prenatal stress may cause changes in the
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dopaminergic system as a result of early brain injury.4,5 Therefore,
when evaluating children with tic disorders, and in order to attempt to
minimize risk factors in pregnant women at risk genetically for
tic disorders, it is essential to distinguish the specific role of the
pre-perinatal risk factors relative to other individual contributing
factors. The aim of this study was to analyze the association of tic
disorders with exposure to prenatal and perinatal morbidity in a
population sample from a mainstream school.
Methods
This study was performed using a nested case–control study design.
This study was approved by the Ethical Review Board of the Hospital
Universitario Burgos (Spain); the mother or father, or the legal
guardian signed the consent form. Cases and controls were selected
and identified from pupils in a mainstream school; the study was
originally conducted between March 2007 and December 2009 in the
Burgos school district (Spain). This study was aimed at determining the
prevalence of tic disorders and associated comorbidities, and its
association with school performance.6,7 Briefly, the original cohort
included pupils aged 6–16 years enrolled in primary or secondary
education. Special education schools were excluded. This study was
carried out in two phases. Phase 1 involved the application of the
screening tool for tic disorders, and Phase 2 involved screening for
neuropsychiatric comorbidities, and the ascertainment of tic disorders
by a neurologist using ‘Diagnostic and statistical manual of mental
disorders, 4th edition, text revision’ (DSM-IV-TR) criteria.8
In summary, in the original cohort, out of 2,806 eligible participants,
1,867 pupils, agreed to participate (66.5%) and the tic screening survey was
obtained in 1,858 children (99.5%). In phase 2, 799 pupils were invited to
participate (those with at least one positive screening for tic disorders, and
poor school performance, and unaffected age-, gender-, and matched-
classmates). Five hundred and twenty-six pupils were included, and
complete data on the tic diagnosis were available for 407 participants (162
with tics, and 245 without tics).
Assessments. Neuropsychiatric comorbidities were screened by
trained raters using the Spanish computerized version of the
Diagnostic Interview Schedule for Children (DISC) Predictive Scale
(DPS).9 The DPS contains 18 subscales using DSM-IV criteria,9
including phobia disorders, ADHD, obsessive compulsive disorder
(OCD), oppositional defiant disorder, anxiety, major depression
conduct disorder, and substance abuse disorder. Verbal and non-
verbal intelligence information was measured by an intellectual
quotient (IQ) composite score obtained using the Kaufman Brief
Intelligence Test.10 Information regarding the exposures of interest
was collected by a retrospective review of the birth certificates signed
by a physician. Subjects for whom a birth certificate was not available,
and those with an IQ ,90 were excluded from this study.
Outcomes. Cases were defined as children in the original cohort
fulfilling DSM-IV-TR criteria for tic disorders.8 Controls were
defined as children without tic disorders. Data on risk factors were
obtained from birth certificates and included demographic factors and
pre-conception status, namely the mother’s age and pre-existing
medical conditions. For the pregnancy period, data included exposure
to tobacco (yes/no), alcohol (yes/no), gestational diabetes, infections,
eclampsia, and twin pregnancy. For the perinatal period, data included
preterm newborns, intrauterine growth retardation, instrumental
vaginal deliveries (forceps or vacuum extraction), cesarean delivery,
and perinatal disorders such as neonatal respiratory distress syndrome
(NRDS), neonatal jaundice, fever, use of neonatal intensive care unit,
Apgar scores at 1 and 5 minutes, newborn anthropometrics, and the
presence of any significant newborn medical condition or associated
malformations. Follow-up data, such as age, gender, family history of
tics, IQ, neuropsychiatric comorbidities, parental education back-
ground, body mass index (BMI) at data collection, and handedness,
were obtained from the original study.
Analysis
Statistical analyses were performed using IBM-SPSS Version 19.0
(SPSS, Inc., Chicago, IL). All tests were two-tailed with alpha 5 0.05.
Missing observations were coded as missing data. Children with
cesarean delivery because of cephalopelvic disproportion, prolonged
second stage, planned, or due to other reasons were coded as cesarean
delivery exposure. Children with NRDS (with and without cesarean
exposure) were coded as NRDS exposure. Differences between cases
and controls (tics vs. no tics) were compared using the Wilcoxon-
Mann-Whitney test or Student t test for continuous variables, as
required, and the Chi-squared tests, and Cramer’s V test for
categorical variables.
To assess the possibility of selection bias (differences between included
and non-included subjects), data obtained from the original study were
compared for gender, presence of tics, parental education background,
and self-report by the mother on cesarean delivery and tobacco use.
Logistic regression analyses were then performed to test the association
of tic disorders with pre-perinatal risk factors. The presence of tic
disorders (yes vs. no) was used as the dependent variable, and pre-
perinatal risk factors as the independent variables. The selection of
variables included in the model was based on the univariate analysis of
independent variables, and the clinical decision to adjust for potential
confounders was based on biological or epidemiological evidence. To
determine if a logistic regression model provided a good fit for the data,
the Hosmer–Lemeshow and Nalgerkeke goodness-of-fit tests were used.
These analyses generated odds ratios (ORs) with 95% confidence
intervals (CIs). Post hoc analysis performed using GPower 3 for variables
of interest, such as maternal smoking and cesarean delivery exposure,
showed that the statistical power was>95% with a sample size of at least
148 subjects, at a 5% alpha level.
Results
A total of 407 children were eligible for the study, and 153 children,
including 103 males (67.3%), were included in this study. Complete
pre-perinatal data were available for 64 children with tics (41.8%) and
89 children without tics (58.2%). Two hundred and fifty-two children
were excluded: 19 of them (7.5%) had an IQ,90, and for 233 (92.5%)
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Table 1. Clinical Characteristics Comparison




Gender (male %) 57 (64) 45 (70) 0.41
Age (mean ¡ SD) 11.81 ¡ 3.03 10.78 ¡ 2.84 0.04
Handedness (%)
Right handed 80 (91) 55 (87) 0.01
Left handed 4 (5) 4 (6)
Ambidextrous 4 (5) 4 (6)
Body mass index 18.85 ¡ 2.89 17.56 ¡ 0.01 0.01
IQ mean ¡ SD 100.65 ¡ 11.48 99.91 ¡ 10.56 0.68
ADHD (%) 9 (10) 10 (16) 1.00
OCD (%) 3 (3) 2 (3) 0.37
Other medical conditions (%) 12 (14) 8 (13) 0.37
Family history
Tics (%) 17 (19) 22 (35) 0.03
ADHD (%) 1 (3) 1 (3) 1.00
OCD (%) 1 (3) 0 (0) 1.00
Parental education background
Primary and secondary studies (%)
Father 64 (74) 41 (69) 0.95
College and higher studies (%)
Father 22 (26) 19 (31)
Primary and secondary studies (%)
Mother 63 (81) 43 (77) 0.99
College and higher studies (%)
Mother 25 (29) 21 (23)
Pre-perinatal neonatal risk factors
Mother’s age (mean ¡ SD) 30.67 ¡ 4.42 30.05 ¡ 4.88 0.37
Healthy mother before pregnancy (%) 75 (88) 48 (76) 0.05
Prenatal smoking exposure (%) 21 (25) 25 (40) 0.05
Prenatal alcohol exposure (%) 0 (0) 1 (1) 0.42
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Table 1. Continued
Comparison of Tics p-Value
No Yes
N589 N564
Normal pregnancy (%) 58(79) 38 (70) 0.23
Prenatal infection (%) 2 (2) 7 (11) 0.03
Eclampsia (%) 0 (0) 1 (2) 0.42
Gestational diabetes (%) 11 (15) 3 (6) 0.09
Gestational age (mean ¡ SD) weeks 39.27 ¡ 1.38 38.89 ¡ 1.58 0.12
Twin birth (%) 2 (3) 3 (5) 0.64
Vaginal delivery presentation (%)
Vertex 66 (90) 46 (87) 0.21
Transverse 5 (7) 2 (4)
Breech 2 (3) 5 (9)
Cesarean section (%) 8 (9) 23 (37) ,0.0001
Cause of cesarean section (%)
Unknown 1 (13) 1 (4) 0.31
Cephalopelvic disproportion 0 (0) 3 (13)
At risk for NRDS 3 (38) 10 (43)
Planned 4 (50) 5 (22)
Prolonged second stage 0 (0) 4 (17)
Instrumental vaginal delivery (%) 13 (59) 9 (40) 0.51
Perinatal hypoxia (%) 5 (6) 6 (9) 0.52
Apgar at 1 minute (mean ¡ SD) 8.65 ¡ 1.18 8.56 ¡ 1.01 0.19
Apgar at 5 minutes (mean ¡ SD) 9.82 ¡ 0.76 9.76 ¡ 0.53 0.07
NRDS (%) 11 (12) 14 (25) 0.03
Birth weight (g) mean ¡ SD 3197 ¡ 443 3129 ¡ 473 0.53
Birth length (cm) mean ¡ SD 50.24¡ 1.73 49.92¡ 2.45 0.34
Cephalic perimeter (cm) mean + SD 34.65 ¡ 1.34 34.8 ¡ 2.31 0.88
Need for incubator (%) 6 (7) 8 (16) 0.13
Intrauterine growth retardation1 (%) 6 (7) 5 (8) 1.00
Prematurity2 (%) 4 (4) 6 (9) 0.32
Jaundice (%) 9 (10) 4 (6) 0.39
Other significant co-existent medical conditions3 (%) 4 (6) 4 (6) 1.00
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birth certificates were not available at our center. Cesarean section was
performed in 31 children (20.2%). There were no differences between
included and non-included subjects in terms of gender (p50.56),
parental (mother and father) education background (p50.95, p50.63,
respectively), and tics and cesarean delivery frequency (p50.60,
p50.80, respectively). In contrast, the included subjects were more
frequently exposed to maternal smoking than the non-included group
(30.9% vs. 19.1%, p50.01). Table 1 compares the demographic and
clinical characteristics of children with tics vs. no tics.
Presence of prenatal infection, NRDS, cesarean delivery, and
exposure to maternal smoking were included in the regression model
(Table 2). This model was adjusted for BMI, family history of tics, and
the presence of any neuropsychiatric comorbidity. Overall, tic
disorders were associated with prenatal exposure to tobacco
(OR53.07, 95% CI 1.24–7.60, p50.007), and cesarean section
(OR55.78, 95% CI 1.60–20.91, p50.01).
Discussion
This nested case–control study of children with tic disorders
demonstrates higher adjusted odds for tics in children with exposure
to cesarean delivery and maternal smoking. In agreement with our
results, Mathews et al.11 also identified prenatal exposure to tobacco as
a strong risk factor for increased symptom severity in Tourette
syndrome (TS). In contrast, in one study evaluating psychological stress
and heavy maternal smoking during pregnancy, Motlagh et al.12 found
that maternal smoking was more strongly associated with comorbid
ADHD than with TS. In the Avon Longitudinal Study of Parents and
Children prospective longitudinal pre-birth cohort, low socioeconomic
status, maternal alcohol and cannabis use, and inadequate maternal
weight gain and parity were associated with TS/chronic tic disorder,
but prenatal maternal smoking was not associated with TS.13 Of note,
in our study, no differences were found in terms of maternal alcohol
exposure and socioeconomic status (marked as parental education
background) when children with tics vs. those without tics were
compared. Although we do not have a compelling explanation for
these discrepancies, methodological and sample characteristics differ-
ences should be taken into account. Firstly, the frequency of maternal
smoking was higher in our study (30.9%) than in the study by Motlagh
et al.12 (up to 17% in the group of children with ADHD alone).
Secondly, we cannot exclude a selection bias, since we have included
children with a higher frequency of exposure to maternal smoking than
the non-included children. Thirdly, the lack of association between
socioeconomic status and tic disorders in our study is unlikely to be a
result of bias, since the parental education background was similar
between participants and non-participants. In addition, in our study,
there was a failure to demonstrate any association between maternal
consumption of alcohol and tic disorders, most likely due to the low
frequency of consumption, or possibly related to under-reporting.
Why are children exposed to maternal smoking at increased risk of tic
disorders? Although we cannot give an explanation for this because of
the design of our study, there is evidence that nicotine may cause
changes in the dopaminergic system. Nicotine is readily transferred to
the fetal compartment throughout pregnancy, and fetuses of mothers
who smoke are exposed to relatively higher nicotine concentrations than
their mothers.14 Nicotine exposure could impair the function of nicotinic
acetylcholine receptors and the regulation of catecholamines during
Abbreviations: ADHD, Attention Deficit Hyperactivity Disorder; IQ, Intellectual Quotient; NRDS, Neonatal Respiratory Distress Syndrome; OCD, Obsessive
Compulsive Disorder; SD, Standard Deviation.
1Intrauterine growth retardation was determined by taking the birth weight and gestational age of the baby and comparing the value to a population-based Spanish
reference for small for gestational age cut-offs (10th percentile).
2Prematurity was defined as ,36-week pregnancy.
3Other significant medical conditions included heart disorders, transient tachypnea, pneumomediastinum, malformations, and hydronephrosis.
Table 2. Logistic Regression of Model of Tics vs. No Tics (Dependent Variable)
Adjusted Odds Ratio (95% CI) p-Value
Cesarean section 5.78 (1.60–20.91) 0.007
Prenatal smoking exposure 3.07 (1.24–7.60) 0.01
Neonatal respiratory syndrome 1.21 (0.325.61) 0.77
Prenatal infection 2.84 (0.40–19.84) 0.29
Abbreviation: CI, Confidence Interval.
The logistic regression model was adjusted for family history of tics, body mass index, and presence of any coexistent comorbid neuropsychiatric disturbances.
The model fitness was adequate (Nagelke R2, p50.28; Hosmer–Lemeshow, p50.67). This model classified 73.4% of the population (55.1% with tics and 85.3% without
tics).
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brain development. Neuronal nicotinic acetylcholine receptors play a
role in neuronal migration, pathfinding, and growth cone direction.
Hypoactivity in noradrenergic and dopaminergic projections and fetal
exposure to nicotine has also been demonstrated in animal models.15
The second question is: Why is cesarean section associated with
tic disorders? Possible explanations include the presence of mild fetal
hypoxia, the exposure to anesthetics, or the potential influence
of oxytocin administered during delivery on child development.
Preliminary evidence suggests the possible implication of oxytocin in
disorders related to the TS spectrum.16 The injection of oxytocin in the
amygdala of rodents was shown to be able to induce hypergrooming,
suggesting the possible involvement of this neuropeptide in the
pathophysiology of complex, stereotyped behaviors.16
In our study, given the heritability of tic disorders, the presence of a
family history of tic disorders was controlled for in the logistic regression
model. However, how to control for the genetic risk for tic disorders is
controversial. In our study, the genetic risk for tics (family history of tics)
was retrospectively obtained from the original study, based on maternal
questionnaires. In this regard, we cannot exclude the possibility that
maternal questionnaires are more susceptible to recall bias, including
false negatives (exclusion of other relatives with mild tics or comorbidities
such as OCD related to the tics spectrum), or false positives (inclusion of
relatives with other types of repetitive movements/sounds).
This study also has several strengths. Firstly, we analyzed data
previously collected from an epidemiologically derived sample, blinded
to the current hypothesis. Secondly, we chose rigorous disease
definitions with case ascertainment by a neurologist. Thirdly, although
there are no standards on how to collect pre-perinatal information for
tic studies, in this study, they were exclusively obtained from birth
certificates to avoid recall bias. On the other hand, it is recognized that
the present study also has several limitations, with a possible over-
representation of children with prenatal tobacco exposure and tic
disorders, and the fact that the pre-perinatal information was
retrospectively ascertained.
In conclusion, this nested case–control study of children with tic
disorders demonstrates higher adjusted odds for tics in children with
exposure to cesarean delivery and maternal smoking. However, long-
itudinal, population-based samples are required to confirm these results.
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